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Background:  Outcomes  after  arthroscopic  femoro-acetabular  impingement  (FAI)  surgery  are promising
in the  short-term  but have  rarely  been  evaluated  in the mid-term  (e.g.,  about  5  years).  Here,  our  objectives
were  to obtain  mid-term  data  on  functional  and  radiographic  outcomes,  to identify  prognostic  factors,
and  to determine  the mid-term  rate of arthroplasty  revision  with  the associated  risk  factors.
Hypothesis:  We  hypothesized  that  the  results  of  arthroscopic  FAI  surgery  were  sustained  over time.
Materials  and  methods:  We  conducted  a  prospective  multi-surgeon  study  of  53  Tönnis  grade  0 or  1  hips
treated  arthroscopically  for  symptomatic  FAI  (23 cam,  10  pincer,  and  20 mixed  deformities).  We  obtained
short-term (10  months)  and mid-term  (4.6  years)  data  on the  functional  outcome  (WOMAC  and  satisfac-
tion  scores),  proportion  of  patients  without  revision  arthroplasty,  and  development  of osteoarthritis
(graded  using  the  Tönnis  classiﬁcation).
Results:  In the patients  without  revision  arthroplasty,  the  WOMAC  score  improved  signiﬁcantly  (P  <  0.01)
from  baseline  (61.4  ±  15.6)  to 10  months  (84.2  ± 15.6)  and  last  follow-up  (85.2  ± 15.5) but  remained
unchanged  between  the two  postoperative  time  points,  conﬁrming  the  stability  of  the  results.  The  propor-
tion  of satisﬁed  patients  was  79%  after 10  months  and  68%  (36/53)  at last  follow-up  (NS).  Osteoarthritis
developed  in  13/35  (37%)  hips  for which  radiographs  were  obtained  at last  follow-up.  At last  follow-
up,  46/53  hips  (87%;  95%CI,  78–96)  did  not  required  revision  surgery;  arthroplasty  was  required  in the
7  remaining  hips.  The  main  prognostic  factor  was  the  preoperative  osteoarthritis  Tönnis  grade:  at  last
follow-up,  compared  to Tönnis  grade  0 hips,  Tönnis  grade  1 hips  had  lower  WOMAC  scores  (77  vs.  88),
lower  satisfaction  rates  (50%  versus  77%),  a higher  rate  of  osteoarthritis  progression  (57%  versus  24%),
and a higher  rate  of  arthroplasty  (33.3%  versus  2.9%).
Discussion:  Our  results  are  consistent  with  published  data. The  outcomes  of arthroscopic  FAI surgery
are sustained  over  time  and  the  preoperative  osteoarthritis  status  is  the main  predictor  of  mid-term
outcomes.
Level  of evidence:  IV,  prospective  cohort  study.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. IntroductionFemoro-acetabular impingement (FAI) is due to a hip deformity
hat induces a mechanical joint dysfunction, thereby promoting
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877-0568/© 2014 Elsevier Masson SAS. All rights reserved.premature osteoarthritis [1–6]. The conservative surgical treat-
ment of FAI involves correcting the causative femoral and/or
acetabular deformities and the secondary joint lesions. Either open
or arthroscopic surgery can be performed [7–11]. The surgical treat-
ment of FAI is followed by rapid improvements in functional scores
in the short-term [12–17] and often allows the resumption of sports
[18–20]. Few data are available about mid-term outcomes, after
about 5 years.
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The objectives of this study were to obtain mid-term data
n functional and radiographic outcomes after arthroscopic FAI
urgery, to identify prognostic factors, and to determine the mid-
erm revision arthroplasty rate with the associated risk factors.
e hypothesized that the outcomes remained stable over time
etween 10 months and 4.6 years after surgery.
. Material and method
.1. Patients
We  prospectively included 58 patients who underwent arthro-
copic FAI surgery between March 2008 and March 2009 followed
y short-term and mid-term evaluations. Five (9%) hips were lost
o follow-up before the mid-term evaluation, leaving 53 hips eval-
ated after means of 10 months and 4.6 years for the statistical
nalysis.
Inclusion criteria were FAI diagnosed based on a converging
et of clinical and radiographic arguments and impingement-
elated symptoms for at least 6 months. We  excluded patients with
dvanced osteoarthritis (> grade 1 in the Tönnis classiﬁcation on
aseline radiographs) and patients with secondary FAI (due to
equelae of treated hip dysplasia, trauma, or hip dysplasia surgery).
The analysis included 53 hips in 51 patients (32 females and 19
ales) with a mean age of 31 years. The arthroscopic procedures
ere performed by three surgeons (JEG, NB, and OM)  in 3 centres
Nantes, Lyon, and Lille) with FAI caseloads of at least 15/year per
urgeon. The right hip was involved in 58% of cases.
The preoperative imaging studies included three standard
adiographs: an anteroposterior view of the pelvis, a false pro-
le (Lequesne) view of the hip, and a lateral axial (Dunn) view of
he femoral neck. In addition, computed arthrotomography, mag-
etic resonance imaging (MRI), or MR  arthrography was performed.
hese imaging studies were used to assess the presence and sever-
ty of osteoarthritis and the type of FAI. Osteoarthritis was  evaluated
sing the Tönnis classiﬁcation modiﬁed by adding quantitative
easurements of joint space narrowing and joint congruence to
ifferentiate grades 1 and 2 (Table 1) [13]. The type of FAI was
lassiﬁed as cam if the  angle was > 50◦, pincer if a ﬁgure 8 (cross-
ver) sign was combined with lateral and anterior centre-edge
ngles > 25◦, and mixed if criteria for both cam and pincer FAI were
et. On the preoperative radiographs, 35 (66%) hips were Tönnis 0
nd 18 (34%) were Tönnis 1. The FAI type was cam in 23 (43%) hips,
incer in 10 (19%) hips, and mixed in 20 (38%) hips..2. Operative methods
All the cartilage lesions were debrided without the application
f biological glue or matrix. In 17 (32%) hips, stage 4 lesions were
able 1
odiﬁed Tönnis classiﬁcation used to grade osteoarthritis [13].
Grade Characteristics
0 No signs of osteoarthritis
1  Narrowing of less than half the depth of the joint space,
without femoral head off-centering
Slight lipping at joint margin, slight sclerosis of femoral head
or acetabulum
2  Small cysts in the femoral head or acetabulum
Narrowing equal to or greater than half the depth of the joint
space and/or femoral head off centered
Moderate loss of sphericity of the femoral head
3  Large cysts, severe narrowing or obliteration of joint space,
severe deformity of femoral head, avascular necrosis Surgery & Research 100 (2014) 651–656
treated by microfracture. The labrum was damaged in 52 (98%) hips.
Suturing was  performed in the 13 cases of deep detachment with an
intact labral body and partial resection in the remaining 40 cases.
Femoroplasty was performed in the 43 cases of cam or mixed FAI
and acetabuloplasty in all 10 cases of pincer FAI and in 16 of the 20
cases of mixed FAI.
2.3. Assessment methods
Evaluations were performed in the short-term, after a mean of
10 months (range, 6–18 months); and in the mid-term, after a mean
of 55 months (range, 50–66 months). Function was assessed based
on the Western Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC) [21]. The time from pain onset to surgery was
recorded. The 24 WOMAC  questionnaire items were assessed using
a 5-level (0–4) Likert scale [22], and the total score thus obtained,
which had a maximum value of 96, was  converted to a score on
100, with higher values indicating better outcomes. In addition,
patient satisfaction with the outcome of surgery was  evaluated as
dissatisﬁed, partially satisﬁed, satisﬁed, or very satisﬁed.
The following data were collected intraoperatively: cartilage
lesions graded according to the Outerbridge classiﬁcation [23] and
procedures performed; and labral lesions and procedures per-
formed. The presence and severity of osteoarthritis were evaluated
on standard radiographs using the modiﬁed Tönnis classiﬁcation
[13].
We  used four outcome measures:
• the procedure survival rate was deﬁned as the proportion of the
53 hips that did not require revision arthroplasty;
• the preoperative and postoperative WOMAC  scores were com-
pared and factors associated with mid-term WOMAC  score values
were identiﬁed. The total number of hips for this outcome
measure was  45; 1 patient declined to complete the WOMAC
questionnaire and the 7 patients who underwent revision arthro-
plasty were not included in this evaluation;
• the postoperative patient satisfaction scores at the short- and
mid-term evaluations were compared and factors associated
with mid-term patient satisfaction were identiﬁed. Patients who
reported being “satisﬁed” or “very satisﬁed” were categorized as
being satisﬁed with the arthroscopic procedure and patients who
reported being “dissatisﬁed” or “partially satisﬁed” or who  under-
went revision arthroplasty were categorized as being dissatisﬁed
with the arthroscopic procedure. For this outcome measure, all
53 hips were analyzed;
• ﬁnally, the Tönnis osteoarthritis grades determined preopera-
tively and at the mid-term evaluation or revision arthroplasty
were compared. As radiographs were obtained at the mid-term
evaluation for 28 hips and revision arthroplasty was required
for 7 hips, the total number of hips for this outcome measure
was  35.
2.4. Statistical methods
Values of P ≤ 0.05 were considered signiﬁcant. Statistical ana-
lyzes were performed using XLStatTM software (Addinsoft, Paris,
France). The following parametric tests were chosen: for quantita-
tive variables, Student’s t-test, for paired data when appropriate;
and for qualitative variables, the Chi2 test. Correlations were
assessed by computing the Spearman correlation coefﬁcient. Pro-
cedure survival was  evaluated using the Kaplan-Meier method and
compared using the log-rank test with revision arthroplasty as the
censoring criterion and determination of the 95% conﬁdence inter-
vals (95%CIs).
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Table  2
WOMAC score [21].
Preoperative Short-term Mid-term
WOMAC  61.4 ± 15.6 84.2 ± 15.6a 85.2 ± 15.5a
n = 45 (32–96) (43–100) (39–100)
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she data are mean ± standard deviation (SD) and range. WOMAC: Western Ontario
nd McMaster Universities Osteoarthritis Index.
a Indicates a signiﬁcant difference compared to the preoperative value. No signif-
cant difference was  found between the short-term and mid-term values.
. Results
.1. Functional outcomes
In the 45 hips that did not require revision arthroplasty, the
OMAC  score improved signiﬁcantly between the preoperative
nd postoperative assessments (P < 0.01), with no signiﬁcant dif-
erence between the short-term and mid-term values, conﬁrming
he stability of the results (Table 2). By univariate analysis, the only
actors signiﬁcantly associated with the mid-term WOMAC  score
ere the preoperative Tönnis grade, mid-term Tönnis grade, and
hort-term WOMAC  score (Table 3). The preoperative radiographic
ndings, FAI type, and procedures performed were not associated
ith the mid-term WOMAC  score (Table 3). In the short-term,
atients were satisﬁed for 42/53 (79%) hips, compared to 36/53
68%) hips in the mid-term (NS). Thus, among patients satisﬁed in
he short-term, 83% were still satisﬁed in the mid-term. Factors that
igniﬁcantly predicted dissatisfaction in the mid-term were female
ender and preoperative Tönnis grade 1 (Table 3)..2. Radiographic outcomes
Osteoarthritis progression was noted for 13/35 (37%) hips.
reoperative Tönnis grade 1 signiﬁcantly predicted osteoarthritis
able 3
nivariate analysis to identify factors associated with mid-term outcomes and functiona
rocedure survival in the preoperative Tönnis 1 group.
P values Overall population 
WOMAC  Satisfaction Osteoarthritis
progression
Age 0.922 0.289 0.219 
Sex  0.601 0.001 0.948 
Side  0.480 0.723 0.396 
Time  from pain onset to surgery 0.114 0.795 0.397 
Preop. WOMAC  0.137 0.456 0.365 
Preop. Tönnis 0.033 0.045 0.046 
Preop. offset 0.301 0.133 0.261 
Preop. alpha 0.065 0.495 0.053 
Preop. VCE 0.278 0.735 0.865 
Preop. VCA 0.433 0.806 0.588 
Type  of FAI 0.364 0.380 0.310 
Procedure on bone 0.947 0.431 0.239 
Procedure on labrum 0.247 0.424 0.418 
Procedure on cartilage 0.520 0.360 0.981 
Short-term WOMAC  < 0.001 (CC = 0.581) < 0.001 < 0.001 
Short-term Tönnis 0.047 0.023 0.009 
Short-term satisfaction 0.005 < 0.001 < 0.001 
igniﬁcant differences are in bold characters. WOMAC: Western Ontario and McMaster 
tatistically signiﬁcant); VCA: anterior centre-edge angle; VCE: vertical (lateral) centre-edFig. 1. Overall cumulative procedure survival rate with the 95% conﬁdence interval.
95%CI 78%–96% at mean follow-up of 55 months.
progression (P = 0.046). None of the other preoperative variables
and none of the intraoperative variables were signiﬁcantly associ-
ated with osteoarthritis progression (Table 3).
3.3. Procedure survival
Procedure survival at the mean follow-up of 55 months was 87%
(95%CI, 78%–96%) (Fig. 1). Revision arthroplasty was required for 7
hips, after a mean of 28 months. Among studied preoperative and
postoperative factors, only the preoperative Tönnis grade signiﬁ-
cantly inﬂuenced survivorship of the procedure (P = 0.002) (Fig. 2
and Table 3).
l results in the preoperative Tönnis 0 group and with radiographic outcomes and
Functional outcomes in the
preoperative Tönnis 0 group
Radiographic outcomes and
procedure survival in the
preoperative Tönnis 1 group
Procedure
survival
WOMAC Satisfaction Osteoarthritis
progression
Procedure
survival
0.123 0.591 0.523 0.332 0.639
0.069 0.265 0.002 1.000 0.087
0.591 0.896 0.981 0.872 0.732
0.257 0.414 0.136 0.795 1.000
0.098 0.474 0.956 0.846 0.281
0.002
0.067 0.610 0.918 0.067 0.076
0.458 0.649 0.078 0.081 1.000
0.424 0.126 0.859 0.895 0.700
0.650 0.135 0.272 0.896 0.738
0.869 0.702 0.067 0.079 0.652
1.000 0.431 0.185 0.161 0.652
0.499 0.430 0.799 0.825 1.000
0.831 0.400 0.330 0.393 0.502
0.002 0.018 (CC = 0.412) 0.078 0.045 0.039
0.008 0.792 0.581 0.091 1.000
< 0.001 0.009 < 0.001 0.016 0.034
Universities Osteoarthritis Index; CC: correlation coefﬁcient (reported only when
ge angle; FAI: femoro-acetabular impingement; preop.: preoperative.
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Table 4
Main mid-term outcomes according to the preoperative Tönnis grade.
Preoperative
Tönnis grade
WOMAC
n = 45
Satisfaction
n = 53
Osteoarthritis
progression
n = 35
Arthroplasty
n = 53
Tönnis 0 88 ± 14
(39–100)
27/35 (77%) 5/21 (24%) 1/35 (2.9%)
Tönnis  1 77 ± 18
(47–100)
9/18 (50%) 8/14 (57%) 6/18 (33.3%)
P  value P = 0.03 P = 0.045 P = 0.046 P = 0.002
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.
Patients were classiﬁed as satisﬁed if they chose the “satisﬁed” or “very satisﬁed” responses on the questionnaire and as dissatisﬁed if they chose the “partially satisﬁed” or
“dissatisﬁed” responses or underwent revision arthroplasty.
Table 5
Mid-term outcomes after treatment of femoro-acetabular impingement (studies including at least 30 patients with a minimum follow-up of 2 years).
Author Surgery Population Main results
Beaulé et al. [24] Surgical dislocation 37 hips
Tönnis 0
Mean FU: 3.1 years
Minimum FU: 2.1 years
WOMAC, preoperative: 61.2
WOMAC, last FU: 81.4
No arthroplasties
Philippon et al. [25] Arthroscopy 112 hips
Tönnis not recorded
Mean FU: 2.3 years
Minimum FU: 2 years
HHS, preoperative: 58
HHS, last FU: 84.3
8.9% of conversions to arthroplasty
Laude  et al. [26] Mini-open 94 hips
Tönnis 0–2
Mean FU: 4.9 years
Minimum FU: 2.4 years
NAHS, preoperative: 54.8
NAHS, last FU: 83.9
11.7% of conversions to arthroplasty
Naal  et al. [27] Surgical dislocation 233 hips
Tönnis 0–3
Mean FU: 5.1 years
Minimum FU: 2 years
82% patients satisﬁed or very satisﬁed
10.7% re-operation rate including 3% of conversions to
arthroplasty
Philippon et al. [28] Arthroscopy 65 hips
Adolescents
Mean FU: 3 years
Minimum FU: 2 years
HHS, preoperative: 57
HHS, last FU: 91
13% revisions for capsule-labrum adhesions
Palmer  et al. [29] Arthroscopy 201 hips
Tönnis 0 or 1
Mean FU: 3.8 years
Minimum FU: 3 years
NAHS, preoperative: 56.1
NAHS, last FU: 78.2
6% of conversions to arthroplasty
Current study Arthroscopy 53 hips
Tönnis 0 or 1
Mean FU: 4.6 years
Minimum FU: 4.2 years
WOMAC, preoperative: 61.4
WOMAC, last FU: 85.2
79% patients satisﬁed or very satisﬁed
13% of conversions to arthroplasty
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; FU: follow-u
Fig. 2. Procedure survival rate according to preoperative Tönnis grade. Procedure
survival after a mean of 55 months was 97.1% (95%CI, [91.6–100]) in the Tönnis 0
group and 66.7% (95%CI [44.9–88.4]) in the Tönnis 1 group.p; NAHS: Non Arthritic Hip Score; HHS: Harris Hip Score.
3.4. Impact of the preoperative Tönnis grade on outcomes
Comparatively to the preoperative Tönnis grade 0 group, the
preoperative Tönnis grade 1 group had lower mid-term WOMAC
scores, a lower proportion of satisﬁed patients, and higher pro-
portions of patients with osteoarthritis progression and revision
arthroplasty (Table 4).
By univariate analysis, none of the studied preoperative vari-
ables was  signiﬁcantly associated with osteoarthritis progression
or procedure survival in the Tönnis grade 1 group (Table 3). In the
Tönnis grade 0 group, only female gender predicted dissatisfaction
(P = 0.002) (Table 3).
4. Discussion
Arthroscopic FAI surgery provided functional gains that sus-
tained over time, with a procedure survival rate of 87% after a mean
follow-up of 55 months. The WOMAC  score did not change signiﬁ-
cantly between the short-term evaluation (mean, 10 months) and
the mid-term evaluation (mean, 4.6 years), conﬁrming our hypoth-
esis.
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One limitation of our study is the fairly small sample size that
imited our ability to analyze subgroups. On the other hand, the
se of a self-administered questionnaire to assess the functional
utcome, although potentially associated with recall and evalu-
tion bias, provides a more objective picture of the outcomes as
hey are perceived by the patients, thereby limiting the impact of
he surgeon’s opinion and degree of satisfaction. Of the 45 patients
ithout revision arthroplasty at the mid-term evaluation, only 28
nderwent the prescribed radiographs. However, patient status
egarding the censoring criterion was determined for all evaluated
atients, and less than 10% of patients were lost to follow-up.
Few studies report outcomes after at least 2 years in a sufﬁcient
umber of patients (Table 5) [24–29]. In our cohort, the good short-
erm results were sustained in the mid-term, and the main factor
ssociated with the mid-term outcome and procedure survival was
he presence of osteoarthritic lesions on the preoperative radio-
raphs. In the patients classiﬁed as Tönnis 0 preoperatively, the
nly factor signiﬁcantly associated with dissatisfaction (satisfac-
ion score) was female gender. The patients with persistent pain
ut no osteoarthritis progression had no radiographic evidence of
nsufﬁcient deformity correction. All these patients had grade 4 car-
ilage lesions as assessed intraoperatively, but their WOMAC  score
alues were not signiﬁcantly associated with the extent of grade 4
esions of the cartilage.
In the group of preoperative Tönnis 1 patients, no factors sig-
iﬁcantly associated with procedure failure were identiﬁed. In all
ikelihood, some preoperative factors predict a good prognosis as
pposed to a high risk of revision arthroplasty. We  expected that
 normal joint space width and favourable femoral head coverage
ould be associated with a better prognosis but this was  not con-
rmed in the current study. When narrowing is equal to or greater
han half the width of the joint space or the femoral head is off-
entre, resulting in loss of joint congruence (Tönnis 2), we believe
hat conservative treatment is inappropriate, as there is no hope
or a lasting improvement.
Outcome predictors identiﬁed in earlier studies [27,29–33] such
s age, body mass index, and the extent and management of car-
ilage and labral lesions were not signiﬁcantly associated with
utcomes in our population. In a study by Naal et al. [27] of 233
ips, factors of adverse prognostic signiﬁcance were female gender,
lder age, and extensive cartilage lesions requiring microfracture
reatment. On the opposite, the presence of severe labral lesions
redicted a good outcome after treatment. This ﬁnding implies that
ymptoms related to labral damage respond well to treatment.
. Conclusion
Outcomes after arthroscopic FAI surgery depend on the degree
f preoperative osteoarthritis. In Tönnis grade 0 patients, arthro-
copic treatment provides meaningful functional gains with an
xcellent procedure survival rate in the mid-term. In contrast, Tön-
is grade 1 hips should be managed with caution. In this population,
rthroscopic treatment should be reserved for those patients at the
evere end of the symptom spectrum, who should be informed of
he increased risk of failure, particularly in the presence of incipient
oint space narrowing.
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